Abstract -The present paper deals with the concept of a costeffective power-assistant wheelchair. An analysis of the market situation and recent technical achievements is done at the beginning. On its basis, a set of solutions suitable for the development of such wheelchairs has been composed. It is shown that the key features of the considered concept are: segmented electrical motor and drive, sectioned battery pack, modular charger and an ANN matrix that provides easy and intuitive interfacing of sensor networks, pseudo-bionic feedbacks and the decision-making unit. Within the scope of the paper, a 3D model has been developed and 3D modelling has been conducted. As a result, certain drawbacks in the design and placement of elements have been found and a modification of the concept has been proposed.
I. INTRODUCTION
Wheelchairs are typically considered as very specific products dedicated for quite a narrow group of users. At the same time, the World Health Organization (WHO) reports that one third of a billion of elderly and disabled persons have mobility problems [1] . Many of these persons are highly motivated to improve their mobility by combining the electrical powering of their wheelchairs with musclepowering, thus ensuring their own maximum possible participation in daily life (i.e. assuming the use of assisting wheelchairs). They really expect technical tools to achieve this goal. At the same time, wheelchairs have been historically developed for persons with disabilities caused by an illness or an injury, which are different compared with disabilities related to ageing. While senior citizens require powered wheelchairs with quite a typical and predictable level of assistance, the wheelchairs for persons with disability acquired due to an injury or illnesses often require a more specific design -it could be a simpler or a more complex one, but always centred on the human-machine interface. This allows concluding that the level of assisting power and, therefore, the size and weight of electrical drives of the considered wheelchairs, as well as the size and weight of their battery packs, are very different. This consideration also regards the human-machine interface of the wheelchairs, which is very different for different occasions. This makes the development of each particular wheelchair unique and individual, which in turn impacts the cost and availability of the wheelchairs. In this report, a set of electrical, material and control technologies are considered with the final goal to overcome this difficulty.
II. PERSONS WITH DISABILITIES
Persons with disabilities are either people with impairments, activity limitations or people with participation restrictions. Basically, the causes of disability are: for countries with high incomes, chronic diseases like diabetes, obesity that eventually leads to severe consequences (limb amputation, heart attacks, stroke); for countries with low income per capita, disability is caused by infectious diseases; injuries and injuries do not depend depend on the income of the population but rather on the circumstances [1, p. 34] . Another important aspect is the age of the patients -the older the patient, the greater the probability of disability. In low-income countries, the number of people with disabilities is higher [1, p. 35] . The data on children with disabilities are contradictory. Different sources use different methods for statistical analysis (mainly surveys that are universal for adults). Approximately 93 million children from 0 to 14 years of age suffer from an average disability, while for other calculations, only 1.5 million [1, p. 36] . In developed countries, people with disabilities are able to earn as much as their peers, the earnings depend on the level of education, and thus they are less vulnerable to poverty than those from developing countries, who, due to social aspects, cannot receive a full-fledged education. The monthly costs incurred by disabled people are higher than those of their healthy peers in the United Kingdom, ranging from 11 % to 69 %, depending on the nature of the disorder, the help of relatives, the state, and so on. There are around 785 (15.6 % according to the World Health Survey) to 975 (19.4 % according to the Global Burden of Disease Study) million persons 15 years and older living with a disability, based on the 2010 population estimates (6.9 billion with 1.86 billion under 15 years). Out of these, the World Health Survey estimates that 110 million people (2.2 %) have very significant difficulties in functioning while the Global Burden of Disease Study estimates that 190 million (3.8 %) have a "severe disability" -the equivalent of disability inferred for conditions such as quadriplegia, severe depression, or blindness. Including children, over a billion people (15 % of the world's population) were estimated to be living with disability.
According to 2016 data for the United States of America, the number of disabled persons within the last 8 years has been about 12% of the total population. The distribution of these persons across different age groups is not even: in the group of 0-5-year-old children only 0.4% are disabled, in the group of 6-17-year-old people -already 7.3%, in the group aged 18-64 -51% and in the group of people older than 65, more than 41% are disabled. About 12% of people with disabilities are people with impairments. These mainly belong to the older generation. The poverty level of disabled people is by 7% higher than the average [2] .
Eurostat data for 2015 [3] show that 14% of the people aged 15-64 have a disability. 7.6% of them suffered from impaired movement. The risk of poverty of the people with disabilities in Europe is between 12 and 24%.
The above-considered data show that even in developed countries the question of the cost of the equipment for disabled persons is significant. On the other hand, the production expenses of such equipment depend on its functionality, which in turn depends on the disability level of a particular person. Even a tentative analysis shows that the disabled people with restriction of movement belong to one of three groups [4] : (1) wheelchair users who can partially move one of the extremities, including paraplegics; (2) persons with paraplegia or quadriplegia, who at least partially can move, but for a limited time; (3) persons who cannot move at all (typically due to quadriplegia or other reasons). The functional requirements of these groups are very different and the cost of the corresponding equipment varies over a very wide range.
III. EXISTING WHEELCHAIR TECHNOLOGIES

A. General Considerations
The powered wheelchairs available on the market can be divided into fully powered, powered with assisted drive and "smart" wheelchairs. Manual wheelchairs powered with the muscle power of the patient are not considered further in this article. Fully powered wheelchairs are usually controlled manually directly by a human with different kind of interfaces like joystick, chin control, tongue control, head movement and similar. Joysticks can be equipped with kinaesthetic feedback [5] and specific control strategies [6] -such wheelchairs are mainly used by the first kind of users. Power-assisted wheelchairs are partially powered electrically. Their control is usually similar to that of non-powered wheelchairs except specific drive algorithms. Smart wheelchairs are complete mobile robots, which receive complex commands from the user and have the so-called protection skirt (an infrared or ultrasonic sensor network around the wheelchair) [7] . These wheelchairs can evaluate their operation environment and define speed, direction etc. and are usually used by the second and third group of patients. Again, the cost of the equipment intended for people with a similar disability varies over a very wide range. The smart wheelchairs are practically available to only a few individuals from the last group of users.
B. Existing Control Interfaces
Various interfaces have been developed for individuals with severe impairments: the so-called "sip-and-puff system" [4] , the voice recognition system [5] , the speech frequency recognition system [4] , the eye tracking system [8] as well as the use of electromagnetic signals of muscles or electromyography (EMG) [9] . The advantage of this latter method is the substitution of the joystick with EMG sensors and absence of hand controls. The disadvantage is that EMG sensors must always be placed on the user and connected to a controller, causing discomfort. Another disadvantage of this method is its low accuracy. To solve this problem, control from two channels can be used -EMG and EOG (electrooculography) signals detected from eye movements [10] . An alternative method entails using the image-processing approach [11] . The main components are: a high-resolution camera and a powerful microprocessor -however, this method has many disadvantages: the accuracy of the camera depends on the light and high-power processors are usually quite expensive. Some concepts of such direct human-brain control are described in [12] and [13] .
C. Regulations for the Wheelchair Development
Requirements for wheelchair testing are described in the ISO7176-x series standards [14] , defining the usage parameters of the wheelchair; certification test parameters; etc. Based on the above-mentioned group of standards, European standard EN12184 has been developed.
IV. THE PROPOSED WHEELCHAIR CONCEPT
A. Requirements and General Outlines of the Concept
Below the main considerations for the proposed concept of power-assist type wheelchair are described. Cost-effectiveness is the key issue here, since low-cost wheelchairs would largely increase the number of prospective users. Sub-goals include the possibility of manual-only mode, electric-only mode, the ability of regenerative braking, convertibility in order for the wheelchair to be portable. The user should be able to replace the battery pack while sitting in the wheelchair. He should be able to charge the pack in an external charger while the charger itself should be suitable for on-board charging -supporting hardware should be added to the wheelchair. It is very helpful if the key parameters of the battery are accessible in a smart-phone.
Taking into account all the above-considered features, a wheelchair concept for people with impairments was developed as shown in Fig. 1 . Its design consists of the main frame (1) and two independent drive modules (2) . The main frame is foldable and uses a "scissors" system. The structure includes, in addition to the folding system, a backrest and a chair (3), handles for the assistant (4) and supporting wheels (5) . The main elements of the design, (1), (4) and (5) are made of carbon. The s and the back are made of a special fabric. The described concept combines the features that are well known to wheelchair manufacturers (the "scissors" system, a soft seat and back etc.), with those elements, which allows easy customisation of the wheelchair to fit the needs of a particular user (modular drives/battery and adaptive control).
B. A General Outlines of the Electrical Subsystem
The proposed electrical subsystem is shown in Fig. 2 . It consists of two identical housings (1), which mechanically take on the entire load of the wheelchair. Each of them is closed by the corresponding lid (4), which protects the inside components from moisture and dust. Both the lid and the housing are made of carbon fibre. The electrical drive (the motor, its power electronic driver, the local sensors and control unit), the battery pack (the battery cells and the battery management system -BMS) and the control system of the wheelchair are located inside the housing. The main part of the drive is a segmented permanent magnet synchronous machine (PMSM), which consists of several fixed segments of a stator (2) and a solid-state rotor (3). A removable wheel (5) is directly mounted on the rotor shaft. A removable lithium-ion battery (7), composed of several detachable parallel branches, installed in the console (6), provides power to the wheelchair. One more part of the electrical subsystem is a modular battery charger, powered from the grid. If required, it can be mounted below the seat of the wheelchair. It can be seen that the electrical subsystem can be easily adapted to the needs of a particular user by means of motor segmenting, paralleling the battery branches and modularity of the charger. 
C. Wheelchair Drive
The wheelchair drive system is one of the main components and drive motors are main energy consumers. The final energy consumption depends on the efficiency of the chosen motor drive system. The use of a high-speed motor for driving a wheelchair obliges the gearbox to reduce the speed. In such an arrangement, the motor can be of small dimensions and have a high efficiency, but the overall system efficiency is lower. Analysis of common drive types gives preference to a direct drive motor. However, direct drive does not provide a significant reduction in the weight of active materials, which is a payoff for the slow speed and the increased torque.
The direct drives of the wheels for the required wheelchair can be implemented with various motor types -an induction motor, a permanent magnet motor or a switched reluctance motor. Each of the motor types has its advantages and disadvantages. For example, an induction motor is simple and cheap in production, but has an increased weight compared to a permanent magnet motor, which is critical when applying it in a wheelchair. In turn, the synchronous permanent magnet motor provides the possibility of recuperative braking, which is a fundamental criterion in an isolated power system [15] .
When designing the motor for a wheelchair, one must start from the conditions of its use. For the start-up, the torque on the wheel must reach as much as 50-80 Nꞏm, while in continuous movement a torque of 10-15 Nꞏm is enough. This corresponds to a total average drive power of 250-300 W with a short-time overload capacity of 6-8 times for starting and lifting on an inclined surface [16] .
Proceeding from the known values of the torque and power, the electromagnetic power can be calculated by equation
where P em -electromagnetic power, W; η -efficiency; in the case of a motor with permanent magnet excitation, the efficiency is by 15-20% higher compared with electromagnetic excitation motors; P 2 -output power [17] , W.
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According to the desirable motor design parameters, the mass of the active material must be in the range of 25.0-27.5 W/kg, which is not a high value and is in fact acceptable for small-scale motors at a low speed with natural convection cooling.
The design solution allows the use of a large-diameter rotor and ensures a low weight. The low weight is achieved through the use of permanent magnets. The magnets in turn can be located on a part of a wheel of large diameter and the design weight of the motor's rotor is determined by the weight of the magnets and fasteners. If there is no possibility of using a part of the wheelchair's wheel to place the permanent magnets, a lightened rim with spokes is utilised (Fig. 3) .
In case of non-contact multipolar synchronous motors, an additional question regarding the choice of the armature design arises. To solve the problem of providing motor design for variable maximal output power with a high efficiency, keeping the rotor design unchanged, the segment stator method is applied. The stator is not closed around the perimeter. The segments contain active steel, windings and minimal structural components for fastening. The segments are fixed to the frame structure of the wheelchair. On the frame of the wheelchair there are fastenings for the segments, and the number of segments determines the total engine power. If necessary, segments can be added, which is not difficult. The segments are connected to each other by connectors with electrical contacts. The minimum number of segments that can be chosen depends on the utilisation of the wheelchair. In order to estimate the necessary rated power of the wheelchair drives, one needs to know the pull-out power to provide starting wheelchair dynamics. For this evaluation, the following empirical equation is conveniently used:
where P p -pull out-power, W; M p -pull-out torque, Nm; k u -utilisation factor. Segmented motor armature can be evaluated by applying the calculation formula for determining the utilisation factor of the motor [18] : ; l m -the length of the coil winding, m; k t -temperature influence factor.
The application of the proposed system makes it possible to estimate the required rated and pull-out power at the design stage, and also to take into account the utilisation factor of the motor during its optimisation.
D. Battery Pack
Before the development phase, it is essential to perform a study of what the open market offers. The batteries of 34 power wheelchairs were reviewed [19]- [21] . The study reveals that all of the selected models were equipped with typical lead-acid batteries. It was noted that 12 V and 24 V supply was used in 14 and 20 cases, respectively. It can be assumed that the 24 V battery is constructed from a series connection of two 12 V batteries, which can be considered the industry standard. The 24 V system supplies double power if compared to the 12 V system at the same current. 24 V supply is used for wheelchairs with a wider range and a higher top speed while 12 V supply is used for models with a more modest performance. One can consider that 24 V supply is an optimal choice due to the wide availability of drive components and batteries themselves [22] - [26] . Finally, a 36 V supply can be used for a higher power [27] .
The main consideration for an electric vehicle is battery capacity, which is directly related to the achievable driving range -the main concern for many users. However, the range is not linearly proportional to capacity as there are different parameters that affect power consumption: total weight, roll resistance, drive efficiency. The models studied had driving ranges from 8.4 km to 40.2 km with the smallest battery with 144 Wh and largest one with 1800 Wh -enough to provide a driving range of 40 km. There was a model that achieved the same range with an 864 Wh battery. At the same time, the 
This performance criterion ranged from 60 Wh/km to 7 Wh/km in the best case. It must be noted that this value depends on the maximum speed and the actual test which was performed by the manufacturer.
Additionally, wheelchairs with a higher mass have lower performance while the comfort level is higher. Portable wheelchairs tend to be light and efficient -quite often with a small driving range. From the electrical perspective, some of the studied models had recuperative braking, which can increase energy efficacy -a feature that should be used in modern traction drives [28] . The models studied were sorted to form a group with performance parameters (range, weight) like the ones of the prototype and an average efficacy (E 1km ) value of 24 Wh/km was obtained, which is to be used for further battery pack calculations. Since the required range S req was set to 20 km, it is easy to calculate required battery energy capacity E bat as
The result states that the battery should store at least 480 Wh or 20 Ah at 24 V nominal voltage. It must be noted that the given result might be overestimated as various development-related research papers [25] - [27] and [29] indicate efficacy values as low as 15 Wh/km. A better battery capacity calculation can be provided if the actual mechanical parameters and the consequent power consumption are known.
The battery pack is the central element of the battery energy storage system. The pack is composed of three main elements: cells, associated electronics (BMS) and the case. The most important consideration is to select an optimal cell model according to previously obtained energy and voltage requirements and other requirements defined in the main objectives of the wheelchair. Of significance is the requirement that the battery pack should be easily removablethe user should be able to replace the battery pack while sitting in the wheelchair. The area which can be accessed by the wheelchair user is defined in [30] . It can be concluded that there are two possible locations of a battery pack: below the seat or in the region of the armrests. If the battery is large then the only option is to use the location below the seat. If the battery is flat, it can be located below the armrest or next to it.
The battery pack could be composed using a set of standard lead-acid batteries. The required voltage and capacity can be achieved by using four batteries (L × W × H = 150 mm × 100 mm × 100 mm) in a 2S2P connection configuration. Without electronics, the weight and volume of the pack would be 16.3 kg and 6 L. This and alternative battery configurations are shown in Fig. 4 . Versions 1 and 2 are considered compact because they are horizontally flat and do not significantly affect the clearance of the wheelchair. The drawback is that the user must lean forward to pull out the battery from the compartmentpossibly an impracticable task. Version 3 overcomes this problem by being vertical -in this case the clearance is affected. The compromise is represented by Version 4, where the shape of the pack is closer to a cube. Eventually even this version was considered as unsuitable because of the heavy weight associated with the lead-acid battery technology. Depending on the nature of the disabilities of the user, it might be hard or impossible to move such a weight while maintaining a stable sitting position.
The lithium-ion technology provides cells that have a higher specific energy density, thus they can be effectively used to design a replaceable battery pack. Li-ion batteries represent a popular choice for wheelchair research as indicated in [25] - [27] . Due to wide use in portable electronic equipment, Li-ion cells are available in a vast variety of package sizes and shapes: cylinder, prismatic, pouch. One of the packages that has been available for an extended period of time and is considered a standard size is cylinder type 18650 with a diameter of 18 mm and a height of 65 mm. Many manufacturers provide different models; thus this package is a good starting point if exact cell and battery pack parameters are unknown.
To ensure comfortable replacement, it has been decided to construct a battery pack that is located below the armrest. Since there are two armrests, the battery can be split into two packs. One of the considerations related to the electrical drive is whether to use shared energy storage or a split one so that each drive has its own battery pack. The use of a battery pack under an armrest permits both cases as the battery could be made with a sufficient capacity to be installed under just one armrest -a second battery pack could be added under the other armrest to provide an extended driving range. It was decided to design a split traction system to decrease the size and weight of each battery pack.
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E. Outlines of Sensor Use
Several groups of sensors need to be used in the considered wheelchairs. The first group consists of local sensors that are needed for successful operation of the electrical drive and the battery pack. For example, Field-Oriented Control (FOC) requires information about actual stator voltages and currents at the motor terminals [32] . The second group includes such sensors as acceleration sensors, angle, position and other sensors, required for safe movement of the wheelchair. Finally, such devices as EMG and EOG sensors facilitate the development of a Human-In-The-Loop (HITL) system that involves the wheelchair and its user. It is reasonable to combine these sensors in one sensor network.
An auxiliary function of such a network is collecting the data from sensors and sending them to a distant server, where they are processed and analysed in order to find out the state of the wheelchair as well as its speed and the distance that the wheelchair has accomplished over a period of time [33] .
Sensor networks can also forecast the road situation, which allows optimising and predicting how the wheelchair is going to move in different scenarios (for example, modifies the control algorithm of the wheelchair drives if the road situation changes). It is also possible to utilise this method even if some sensors are not available, obtaining the same accuracy of prediction as when using all the sensors [34] .
F. The Wheelchair Control System
The proposed concept of the wheelchair assumes several levels of its control depending on the importance of the function and their interaction (Table III) . At the highest level there is the wheelchair user, who sets the direction of movement or its destination point. To do this, the wheelchair user utilises the most suitable interface -a joystick, accelerometers, EMG or electroencephalography (EEG).
At the second level, the main control system is located. It is able to recognise and interpret the signal received from the user. In addition, the system receives information from sensors located on the wheelchair. The main function of this control is to deliver the user of the wheelchair to the desired place, avoiding obstacles and informing him/her about dangerous circumstances by means of pseudo-bionic feedbacks, thus forming a human-in-the-loop system (Fig. 6 ). This part of the control system also includes a network of sensors, which collects information about the environment (ultrasonic and infrared sensors), the state of the wheelchair (gyroscope and accelerometer). The information from the sensors processed by the main control unit and passed to the local control units. In case of a dangerous situation (collision, possible falling) the main control unit activates pseudo-bionic feedbacks (typically, sends a coded vibration signal to the user). Physically, this part of the control system can be located in the right rack or the left one, depending on the needs of the user and on where it is more convenient to connect the control interfaces and sensors. It is also possible to install two control cards in different racks. To ensure the control of the drives and the integration of the two control modules, a soft multicore cable is installed in the chair for communication.
An artificial neural network (ANN) is proposed to adapt the main control unit and the sensor network to the needs of the particular wheelchair user. The algorithms of deep learning must be applied to ensure correct operation of the ANN. It is assumed that the ANN learning occurs individually for each user. Initially, a set of basic commands is activated. Then, as long as the wheelchair is used, the ANN will adapt the control system to a particular user.
Finally, the lowest level of the control hierarchy contains the units intended to control the electrical drive and the battery pack, to form pseudo-bionic feedbacks and to collect information form sensors. For example, each segment of the motor stator is controlled by a dedicated microcontroller. Its main function is providing the torque and speed according to the reference received from the main controller. These and other local microcontrollers are connected to the main module by means of industrial interface RS485.
G. The Battery Charger
The wheelchair designed is powered by two Li-ion batteries integrated into the armrests. The peculiarity of the application lies in the absence of electrical connection between the batteries. Therefore, the charger should have the capability to manage both of them, which requires a galvanically isolated solution. For this application, a two-stage converter is going to be developed (Fig. 7) . The first stage consists of a standard PFC rectifier that draws sinusoidal current from the AC grid (230 V / 50 Hz) and delivers stabilised DC voltage at its output. The following stage is represented by a DC-DC converter. To independently charge each battery, a multiport DC-DC converter is proposed that includes a DC-HFAC stage and two low-voltage HFAC-DC stages, isolated by a threewinding step-down transformer.
The converter control system receives the signals from the BMS through a communication link and dynamically adjusts the operating mode accordingly. When disconnected from the AC grid, the bidirectional operation capability of the DC-DC stage will allow charge balancing of the batteries, if necessary.
The DC-DC conversion stage can be implemented by a softswitching converter with a high conversion ratio. For systems with power levels below 1 kW and relatively high currents, push-pull type topologies are often used [35] - [37] . Recently, a current-fed dual-inductor bidirectional push-pull converter (CF-DIPP) with phase shift modulation was proposed [38] . The topology features a high voltage step-down ratio and bidirectional operation capability. When compared to alternatives, the topology does not require additional auxiliary windings or external clamping circuits and provides soft switching conditions for all semiconductors. The modulation method is relatively simple and can deliver the required regulation capability with low peak current stresses on the components. Other advantages are the low level of highfrequency current ripples and retaining the above properties when transferring energy in the reverse direction. Potentially, the converter proposed in [38] could be reconfigured to include multiple low-voltage terminals to suit the developed wheelchair application requirements.
The power flow control in this converter is performed by introducing a phase-shift between the DC-HFAC and HFAC-DC stages. In case of the batteries charging from the grid the modulation signals of AC-HFAC lag behind the HFAC-DC modulation signals. The HFAC-DC stage, which has a lower phase shift to the AC-HFAC stage, gets more current. In the balancing mode, the modulation signals of the first HFAC-DC port are ahead of AC-HFAC and those of the second HFAC-AC port are behind AC-HFAC. This ensures energy transfer from the first HFAC-DC port to the second one. That said, by varying the phase-shift value and its direction between stages, control of the energy transfer level and direction is achieved.
The wide-bandgap semiconductors, such as SiC Schottky diodes, allow practically eliminating the losses associated with reverse recovery at the PFC rectifier stage. The DC-AC stage can be implemented either with SiC or cost-effective Si MOSFETs, while the low-voltage Si devices with a very low on-state resistance are generally applied at the HFAC-DC stage. As a result, a compact design with a high switching frequency/efficiency and passive cooling can potentially be implemented.
V. EVALUATION OF CONCEPT BY MEANS OF A 3D MODEL
A physical model of the proposed wheelchair was built in order to verify the physical relationships between its parts. First of all, 1 : 3 reduced physical models of the drive, battery back, housing elements, wheels and other elements have been designed in the SolidWorks environment based on the considerations provided in sections IV-A, IV-B, IV-C and IV-D (Fig. 8 a-c) . The components have been printed on a 3D printer and assembled together, forming a 1 : 3 model of the wheelchair (Fig. 8 c) . Some of the parts are foldable, as assumed in the main concept. The housing with the drive is made of transparent plastic for easier evaluation of the motor and the drive, while the model of the motor is not transparent. In addition, the mechanical operation of the console (Fig. 2  detail 6 ) with a removable battery is evaluated. In order to evaluate the concept of the wheelchair with the user inside, a BJD doll (ball-jointed doll, which is an accurate model of a 170-cm-tall human being) has been added to the model (Fig. 8 b) .
The data obtained during the 3D testing of the layout revealed reduced mechanical endurance of the initial design of the housings (Fig. 9) . The layout has been improved resulting in the housing model shown in Fig. 2 . It was also concluded that additional tests of mechanical structural elements such as the sloping mechanism are necessary. 
VI. CONCLUSION
In the above study, the concept of a cost-effective powerassist wheelchair is proposed. After an analysis of the market situation and the recent technical achievements, a set of technical solutions and technologies suitable for implementation in such a wheelchair have been found. It has been concluded that the key features that provide costeffective adaptation of the wheelchair to the needs of the particular user consist in a segmented electrical motor and drive, a sectioned battery pack and a modular charger. In turn, interfacing of the sensor networks, the pseudo-bionic feedbacks and the decision-making unit has to be made by means of an ANN matrix that provides learning to the system and fits it to the particular user and environment. The use of 3D modelling of the concept revealed some initial mistakes in the design and placement of the elements, which have been fixed. The further work will be focused on the practical implementation of the fully functional examples of the abovementioned parts (drive, battery, charger and control unit), as well as on their experimental evaluation. Riga Technical University, lecturer in the fields of electrical apparatus and machines, computer realisation of mathematical methods, electrical machine magnetic field calculation. Research interests: synchronous motor self-excitation using the third harmonic of a magnetic field, electrical machine field calculations using the finite element method. E-mail: andrejs.podgornovs@rtu.lv ORCID iD: https://orcid.org/0000-0002-7162-7607
